We have used publicly available data from the following sources. 1. The main data set that is used for this study comes from the Asian Development Bank 2013 (<https://www.adb.org/sites/default/files/publication/30366/solid-waste-management-nepal.pdf>). Appendices of this report has the full data set on waste types, volume etc. generated from 58 municipalities in Nepal. The data is available publicly. 2. Plastic import data for Nepal were obtained from the Department of Customs under 'Plastic and article there-of' (<https://www.customs.gov.np/en/tariff_rates.html>), which was classified under HS code 39 for the years 2010-2016. This data is also available online from the above link.

Background {#sec001}
==========

There has been a steady increase in the urban population worldwide over the years. According to a report published by the Department of Economic and Social Affairs of the United Nations, the world's urban population was 55% of the total population in 2018 but is expected to increase up to 68% by 2050 \[[@pone.0231933.ref001]\]. According to the Report, more than 90% of this growth would take place in Asia and Africa. The increase in urban population, coupled with economic growth and improved living standards, has resulted in the generation of enormous amounts of waste already in cities in developing countries \[[@pone.0231933.ref002]\]. But municipal solid waste (MSW), if not managed properly, produces negative externalities and contributes to flooding and waterlogging during extreme climatic events such as excessive rainfall \[[@pone.0231933.ref003]--[@pone.0231933.ref006]\].

Municipal authorities are working to make their cities resilient and smart. Smartness aims to improve the welfare of citizens by making cities liveable \[[@pone.0231933.ref007]\]. Although MSW management is one of the major components of making cities resilient and smart \[[@pone.0231933.ref008],[@pone.0231933.ref009]\], it remains a major challenge for municipal authorities, particularly in developing countries \[[@pone.0231933.ref010]\]. Unplanned settlements, poor infrastructure, inadequate resources and capacities, and low level of awareness among municipal residents are making MSW management all the more complex \[[@pone.0231933.ref011],[@pone.0231933.ref012]\]. For many municipal authorities in developing countries, solid waste management is a high cost activity, which may command up to 50% of the total municipal budget \[[@pone.0231933.ref013],[@pone.0231933.ref014]\].

Additional infrastructure, mainly physical, to manage MSW may not seem an attractive option to municipal authorities under severe resource constraints. But there is a growing demand for better solid waste management services by residents who are also ready to pay increased waste collection tariffs for improved services \[[@pone.0231933.ref009],[@pone.0231933.ref015]\]. Compounding the problems are the shortening life-spans of landfill sites due to the percentage increase in plastic waste which takes a longer period of time to decay \[[@pone.0231933.ref016]\]. The demand for more landfill sites is expected to increase in future because of the growing consumption of processed food products that are packaged in plastic (among them, bottles, food wraps, bags, etc.) and the use of electronic appliances which take a long time to decompose. In the absence of a mechanism for proper recycling of plastic and electronic waste (e-waste), the demand for landfills sites is bound to increase steadily, which would only add to conflicts between municipal authorities and communities close to the landfills, as landfill sites generate disamenities to nearby residents \[[@pone.0231933.ref017]\].

Dumping of plastic waste in rivers and canals, in addition to drainage systems, results in flooding and water logging in low-lying areas. In such situations, structural interventions can provide only a short-term solution in the absence of MSW management \[[@pone.0231933.ref006]\]. Similarly, imposing a ban on plastic use without strict enforcement may not work properly \[[@pone.0231933.ref018]\]. Hence, reduction of plastic waste at source is critical for preventing water logging and flooding in cities and low-lying areas. Several cities have, in fact, enforced a levy on the use of plastic bags to reduce its release to the environment \[[@pone.0231933.ref001]\] and studies show that a levy on disposable plastic bags reduces its use \[[@pone.0231933.ref002]\]. Some European countries have introduced policies on recyclable packaging standards to increase recyclable waste \[[@pone.0231933.ref004]\]. While the management of electronic waste is challenging, discussions already are underway in developed countries to implement extended producer responsibilities \[[@pone.0231933.ref005]\].

In this context, the present study attempts to answer how to make MSW cost-effective and financially sustainable. Although many studies have explored the financial contribution of households, businesses and institutions to MSW management \[[@pone.0231933.ref009],[@pone.0231933.ref019]\], they have not been of much use to policy makers and municipal authorities in developing countries who seek information on a national-scale sustainable financing mechanism for managing MSW. Sustainable financing, as understood in the present case, is one where MSW management activities would not require additional funding from other sources but one where material recovery and recycling alone would generate sufficient resources.

This study examines both sides of the financing mechanism--costs and revenues--for properly managing plastic waste. It also estimates the additional tax that needs to be imposed at national level on the import of plastic materials when material recovery and collection efficiency rates are low. This study hypothesizes that the additional revenue could be used for managing plastic waste so that municipalities would not need to overly rely on the voluntary subscriptions of households to carry out solid waste management services. The current practice in Nepal is one where households have the option of subscribing to the MSW collection service by paying a pre-specified tariff. In comparison, the proposed imposition of additional tariffs on the import of plastic materials or the recovery of plastic waste for recycling would be more inclusive while ensuring distributional justice vis-à-vis the poor and vulnerable groups living in urban slums and other areas, who are unable to afford the service charge in the existing pay-as-you-use waste management service.

Methods {#sec002}
=======

Theoretical framework {#sec003}
---------------------

Since MSW management is a complex process involving a series of steps with multifaceted effects on human life, its improvement requires the participation of diverse stakeholders and treatment of waste as a resource while taking into consideration cross-cutting issues like sustainability, inclusion, gender and governance. This can be achieved through a careful study of the different components and contextualization of standard practices.

An integrated and sustainable solid waste management (ISSWM) approach views solid waste management as a system which engages all stakeholders by adopting the principles of equity, effectiveness, efficiency and sustainability. This approach basically considers three factors--(i) stakeholders, (ii) elements, and (iii) aspects--in order to design the MSW management system focusing on reduce, reuse and recycle \[[@pone.0231933.ref020]\]. This concept, often called the 3Rs, is predicated upon the belief that solid waste comprises several types of materials with different values and impacts. The analysis in this study mainly focuses on plastic waste, which is considered one of the most challenging categories of waste \[[@pone.0231933.ref018]\].

As most of the plastic waste could be recycled, the ISSWM promotes a circular economy which would be able to generate enough resources to pay off the management costs \[[@pone.0231933.ref021]\]. But, in order to be feasible economically and technically, MSW management should factor in social acceptance, cost effectiveness and technical feasibility.

[Fig 1](#pone.0231933.g001){ref-type="fig"} depicts the framework for sustainable financing of MSW management services. The framework indicates that sustainable financing of MSW management has two components: (i) financing and (ii) management of waste. Financing depends on costs of management and revenues from recycling and reusing. Management costs can be minimized by reducing the use of plastics, increasing the reuse of waste materials, and generating lower volumes of waste.
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Similarly, management of wast has two aspects: material recovery and collection efficiency. Material recovery is the percentage of total recyclable material recovered from collected solid waste. Collection efficiency which is the percentage of recyclable waste material collected out of the total waste, influences the cost of MSW management while revenue relies on material recovery, collection efficiency, and price of recovered materials. In Nepal, very few households practice separation at source; even if households segregate waste at source, service providers generally do not have a separate pick-up service \[[@pone.0231933.ref009]\]. Some households practice separation of saleable materials such as metal, plastic and paper from the waste. Generally, materials that are recovered for reuse or for sale by households are not included in total waste estimates in this study. Hence, this study only considers recovered items from the landfill sites.

The financial component (revenue and cost) is market driven. Therefore, in this analysis, revenue and costs are taken from the existing waste management practices in Nepal. As for the management component, government policies in addition to efforts of municipal authorities could improve it. For instance, the quantity of recycled materials depends on the quality of plastic materials used in packaging \[[@pone.0231933.ref022]\], which highlights the role that the government can play in imposing restrictions on the quality of plastic used in packaging. Similarly, provision of incentives to households to segregate waste at household level would contribute to improving collection efficiency.

The deficit in the cost of plastic waste management could then be made up by imposing an additional tariff on the import of plastic materials that are mainly disposable and thus end up in landfills and drainage systems. The additional tariff would make the use of such plastics relatively expensive, which would help thereby to: a) promote substitutes, b) reduce the use of plastics, and c) increase the price of recycled plastic, which would increase revenues. Since plastic waste will become expensive with the additional tariff, it would help promote recycling as well as reduce the use of plastics.

Data collection {#sec004}
---------------

This study used both qualitative and quantitative approaches to collect data. A total of 83 respondents from different stakeholder groups were interviewed to explore existing MSW management and financing. Of them, 20 were collectors of recyclable materials, 23 were local government officials, 15 were environmental activists, and 25 were policy makers. These respondents were chosen using different approaches, based on the category. For example, the collectors of recyclables were surveyed from the selected municipalities. These collectors generally gather in local tea-shops in the morning for tea. The research enumerators approached them and obtained their consent to answer the relevant questions. This process was continued in the different municipalities until 20 respondents were interviewed. Other categories of respondents, such as local government officials, environmental activists and policy makers, were easier to identify. We prepared the list of potential respondents and discussed with them first their availability for an interview as well as interest in providing information voluntarily.

The questionnaire, which is in two parts, has been submitted to the journal for public access. The first part aimed at collecting data on existing MSW management, which was the same for all respondents. The second part sought to collect information on the involvement of particular stakeholders in MSW management and the supply chain of recovered material. The information provided by private companies that collect and dispose of MSW was used to determine the material recovery rate (MRR).

So far, there is no institutional review board or national ethical guidelines for social science research in Nepal. Therefore, the study adhered to established standards in research ethics such as obtaining verbal consent for participation in research, keeping personal informal confidential, and allowing participants to quit the discussion at any point withdrawing their consent if they so desired. Furthermore, no personal information of the key informants or other individuals, who provided information related to solid waste generation and import of plastics or related information, were used in this research. Average values of the collected information were used for developing different scenarios for simulation.

For this research, the material recovery rate is estimated using a series of Eqs ([1](#pone.0231933.e001){ref-type="disp-formula"})--([5](#pone.0231933.e005){ref-type="disp-formula"}) based on the SWM baseline data of municipalities taken from the report published by the Asian Development Bank (ADB) in 2013 to assess the current situation of SWM in municipalities of Nepal \[[@pone.0231933.ref023]\]. The Tables in Appendix 4--7 were used to estimate the efficiency of waste collection, weight of the solid waste estimates in municipalities, and the contribution of plastic waste in the total waste. The Table in Appendix 9 of the ADB 2013 Report was used to calculate the expenditure incurred by a municipality to manage a ton of solid waste. Missing data were excluded while calculating the average value of the relevant variables across the municipalities. The data collection process with the major findings of the baseline survey can be accessed from the Asian Development Bank's website \[[@pone.0231933.ref003]\]. $$CW = TW \times ACE$$ where,

CW is weight of waste collected by municipality

TW is total weight of solid waste produced in the municipality

ACE is average collection efficiency $$MRP = RPM \times CW$$ where,

MRP is weight of the material recovery potential waste

RPM is percentage of recoverable potential material in CW $$MR = MRP*MRR$$ where,

Material Recovered (MR) = weight of material recovered (for this study plastic) from MRP

MRR is material recovery rate which is the percentage of particular material that can be recovered from the MRP. $$PTWR = MR/TW$$ where,

PTWR is proportion of recovered waste to TW $$TMR = PTWR*PCW*UP$$ where,

TMR is total material recovered

PCW is weight of waste produced per capita

UP is population living in municipalities

The amount of solid waste materials was estimated for commercial, institutional and residential waste separately as the material composition varies by source of waste \[[@pone.0231933.ref023]\]. MRR affects overall calculation of material recovered, and costs and revenue from recycling. Therefore, we cautiously selected the MRR. We first reviewed the material recovery rates for different countries and compared them with local rate. in different municipalities in Nepal. The material recovery rates in some of the municipalities in Nepal were similar to those observed in developed countries. An example would be Dhankuta Municipality, where solid waste management has been practiced for the past several years, the rate of which is comparable to that reported in Australia for 2012 \[[@pone.0231933.ref024]\].

The cost of and revenue from MSW management were estimated using material recovery information and the results were simulated using two additional items of information: a) average price of recyclable materials and b) MSW management cost. The potential revenue gap was then estimated, which was followed by the estimation of the levy to be imposed on imported plastics to cover the resource gap (cost--revenue).

Plastic import data for Nepal were obtained from the Department of Customs under 'Plastic and article there-of', which was classified under HS code 39 for the years 2010--2016. This information was used to analyse the import values of plastic-related materials and the taxes collected under different headings. The additional levy on plastic imports based on the resource gap was estimated thereafter. In doing so, we expect the top-up levy to increase the price of plastic materials reducing in turn the demand. The price mechanism would provide some incentive for using alternative materials in place of plastics while also reducing the demand for disposable plastics as the price goes up, thus curbing the increasing per capita consumption of disposable plastic items. Already, there have been instances reported in Nepal where large retail stores have stopped providing plastic bags to their customers while some restaurants have started using local materials such as bamboo utensils and dried-leaf plates as substitutes for plastics. With an additional import duty on plastic materials, the trend in using substitutes is bound to increase with time.

Analysis {#sec005}
--------

The analysis determines the different components of sustainable financing (see [Table 1](#pone.0231933.t001){ref-type="table"}). It uses information for 58 municipalities as Nepal had only 58 municipalities till 2013 while the rest were village development committees \[[@pone.0231933.ref023]\]. After the promulgation of the new Constitution in 2015, there has been a drastic change in the number of local administrative units in Nepal with, currently, more than 750 local administrative units across the country. For our analysis, we considered the earlier administrative structure and have thus included 58 municipalities in the study.

10.1371/journal.pone.0231933.t001

###### Levels of different components of sustainable financing.
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  Finance                                   Management                                                           
  ----------------------------------------- ------------------------------------ ------------------------------- ----------------------------------------------------------------------------
  R1- NPR 30/kgR2- NPR 15/kgR3- NPR 12/kg   C1- NPR 2,347/tonC2- NPR 4,673/ton   Low -12%Medium -15%High---30%   Least efficient---20%Existing---33.7%Medium---50%High---66.7%Maximum---90%

NPR is Nepalese Rupees; USD1 = NPR 85 in 2012

In the analysis, two types of MSW management costs were identified: (i) lowest cost (C1) and (ii) average cost (C2). The lowest cost (C1) is the cost of MSW management practiced by Dhankuta Municipality, which has one of the best MSW management practices in Nepal. The average cost (C2) is the average cost of MSW management practiced by the other municipalities in Nepal. Similarly, three revenue scenarios were determined based on the price of recycled/reused plastic materials: (i) average price received by collectors (R1), (ii) price received by segregators in Dhankuta municipality (R2), and (iii) average price received by households (R3). The prices for R1, R2 and R3 were elicited, respectively, from the collectors' survey, a manager of the solid waste management company contracted by Dhankuta Municipality, and the website of Khalisisi--a social enterprise engaged in door-to-door collection of recyclable material \[[@pone.0231933.ref025]\].

Based on the costs and revenues in [Table 1](#pone.0231933.t001){ref-type="table"}, six scenarios were developed to assess the costs and benefits from solid waste management. These scenarios are R1C1, R1C2, R2C1, R2C2, R3C1 and R3C2. Of these scenarios, R1C1 is the best with the best selling price for recovered plastic materials with the least management cost. In contrast, R3C2 is the worst scenario with regard to the average MSW management cost; it also has the lowest price for recovered plastic.

These scenarios were assessed using different material recovery rates and collection efficiencies as reported in [Table 1](#pone.0231933.t001){ref-type="table"} (columns 3--4). The estimated collection efficiency for Nepal is 33.7%, which is the weighted average of collection efficiency of the 58 municipalities in 2012. As communicated by the environment officer of the municipality, the plastic recovery rate is between 12% and 15% in Dhankuta municipality minus the segregation of plastics and other waste at source. It is expected that segregation at source will increase the recovery rate up to 30% \[[@pone.0231933.ref026]\]. Based on these findings, three different scenarios of plastic recovery rates are identified: 12%, 15% and 30%. Similarly, collection efficiency is categorized into five groups: (i) Least efficient--below average, (ii) Existing--equivalent to the average of the disposed waste in landfills, (iii) Medium--the performance of smaller towns with better management, (iv) High--the lower bound of major cities, and (v) Maximum--the higher bound of major cities.

Results {#sec006}
=======

Material recovery potential {#sec007}
---------------------------

In 2012, Nepal imported 0.4 million tons of plastic while the estimated plastic waste generated was 0.23 million tons \[[@pone.0231933.ref027]\]. On average, the 58 municipalities generally produced 1,281 tons of waste per day of which 769 tons were household waste, 447 tons commercial waste and 65 tons institutional waste \[[@pone.0231933.ref023]\]. Organic waste exceeded 66% of the total waste volume generated at the household level while it was 40% and 20%, respectively, in the case of commercial and institutional waste \[[@pone.0231933.ref023]\].

The average MSW collection efficiency of all municipalities is 33.7% in Nepal \[[@pone.0231933.ref028]\]. Based on the collection efficiency, the daily quantity of materials that can be processed for material recovery is 432 tons. The daily material recovery potential is thus 196 tons, which is around half of the collected waste. Organic material is recoverable or reducible and many households use organic waste as animal feed or, once processed, as compost for their farm or kitchen garden. However, organic waste in big cities is becoming unmanageable since, in big cities like Kathmandu, plot sizes are smaller, kitchen gardens are absent, and many families live in rented apartments, limiting the scope for composting the organic waste in their backyards.

Another recoverable material is paper. On average, 48.7 tons of paper can be recovered on a daily basis from these municipalities. There is a wide variation in the price and quality of paper. Khalisisi, an organization working on waste recycling in Nepal, pays NPR 17/kg for notebooks, NPR 9/kg for cardboard, NPR 11/kg for used books, and NPR 14/kg for newspapers \[[@pone.0231933.ref025]\]. As there is a chain of collectors, an increased volume of collection can be sold to big collectors which could bring in a better price for the sellers.

Plastic is a dominant material in waste. At present, on average, 6.05 tons of plastic waste can be recovered daily from the 50.4 tons of plastic waste produced each day. According to collectors, the rate of recovery varies with the type of the plastic product. For example, while the recovery rate of plastic bags is 58%, for bottles it is 61% and for utensils it is 62%. These recovery rates can go up higher when waste is managed more efficiently. But there are technological constraints to recycling since some plastic items are not recyclable while many items do not have enough volume. Low volume is not profitable as the marginal cost of recycling exceeds the marginal benefits from recycling.

The quantity of recoverable materials changes with a change in collection efficiency ([Fig 2](#pone.0231933.g002){ref-type="fig"}). Based on the existing collection efficiency and the 12% plastic MRR, only 0.61% of the total waste produced can be recovered as plastic. The maximum plastic recovery would thus be 1.62% of the total waste produced at 90% collection efficiency with 12% MRR. Given this data, a 1% increase in plastic MRR would increase recovery by 0.04% of plastic waste and 0.02% of total solid waste.
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Financing {#sec008}
---------

[Table 2](#pone.0231933.t002){ref-type="table"} reports the costs and revenues at 12% MRR in different collection efficiencies for the best and worst case scenarios. The results suggest that, at the existing collection efficiency, the revenue generated from recovered plastic could cover 1.6% and 7.8% of the total solid waste management costs, respectively, in the worst and best case scenarios. Similarly, it could cover 11.2% and 55.7% of the plastic-related MSW management costs in the worst and best case scenarios, respectively. As such, the management would require additional finances to cover the plastic-waste-related cost, which is equivalent to 0.2% and 0.7% of the total plastic import value, in the best and worst case scenarios, respectively.

10.1371/journal.pone.0231933.t002

###### Cost and revenue in best case (R1C1) and worst case (R3C2) scenarios at 12% recovery rate.
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  Criteria                                                         Collection efficiency                                                             
  ---------------------------------------------------------------- ----------------------- ------ ------ ------ ------ ------ ------- ------ ------- ------
  \% of overall MSW management cost                                4.6                     0.9    7.8    1.6    11.6   2.3    15.4    3.1    20.8    4.2
  \% of plastic-related MSW management cost                        33.0                    6.6    55.7   11.2   82.6   16.5   110.0   22.1   149.0   29.8
  Revenue (NPR in million)                                         30.0                    12.0   51.0   20.0   76.0   30.0   102.0   41.0   137.0   55.0
  Top-up to cover plastic waste related cost (% of import value)   0.3                     0.8    0.2    0.7    0.1    0.7    0.0     0.6    -0.2    0.6

Simulation results using primary and secondary sources of data discussed under data section.

The results indicate that if collection efficiency increases to 66.7%, then the revenue generated from the recovered plastic at 12% MRR would outweigh the plastic-related MSW management costs in the best case scenario while it would cover only 22% of the costs in the worst case scenario. Even if collection efficiency improves to 90% in the worst case scenario, the revenue from the recovered plastic would cover a mere 30% of the plastic-related MSW management cost.

Sensitivity analysis {#sec009}
--------------------

An optimistic scenario is defined as a case where the plastic MRR is 15% and the collection efficiency is high (at 66.7%). This scenario was set up after a series of discussions with the relevant stakeholders and officials of municipalities assuming that it would be achievable in the Nepalese context. The results of the optimistic scenario for best and worst cases are reported in [Table 3](#pone.0231933.t003){ref-type="table"}. The results suggest that the best case scenario generates 1.38 times more revenue than the plastic-related MSW management cost earning NPR 35 million whereas the revenue generated from recovered plastic in the worst case scenario can cover only 27.6% of the plastic-related MSW management cost. The optimistic condition will prevent 4,220 tons of plastic from entering the environment annually while reducing 1.5% of total waste from the waste stream.

10.1371/journal.pone.0231933.t003

###### Results of optimistic scenario.
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  Criteria                                                   Unit          Best Case Scenario (R1C1)   Worst Case Scenario (R3C2)
  ---------------------------------------------------------- ------------- --------------------------- ----------------------------
  **MSW management cost (per year)**                                                                   
  Total cost (A)                                             NPR Million   659.0                       1312.0
  Plastic proportionate (B)                                  NPR Million   92.0                        184.0
  **Plastic revenue (C)**                                    NPR Million   127.0                       51.0
  Deficit (D) for managing plastic waste = \[B-C\]           NPR Million   -35.0                       133.0
  **Cost recovered from recovered plastic revenue**                                                    
  Total MSW management cost (C/A)                            percentage    19.3                        3.9
  Plastic proportionate (C/B)                                percentage    138.0                       27.7
  Top-up (D/total value of import)                           ratio         -0.16                       No top-up required
  Weight of recovered plastic proportionate to total waste   percentage    1.50                        

Simulation.

In addition, two analyses were carried out to examine how much the revenue from recovered plastic is sensitive to collection efficiency and recovery rate (see [Table 4](#pone.0231933.t004){ref-type="table"}). The effect of recovery rate on plastic revenue is calculated at existing collection efficiency (33.7%) and the effects of collection efficiency on the 15% recovery rate. The results show that a 1% increase in recovery rate and a 1% increase in collection efficiency would recover an additional 4.64% and 2.06% of the plastic-related MSW management cost, respectively. Similarly, recycled plastic waste would increase by 142 and 63 tons, respectively, with a 1% increase in both recovery rate and collection efficiency.

10.1371/journal.pone.0231933.t004

###### Plastic-related cost recovery for the best case scenario (R1C1).
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  Existing collection efficiency (33.7%)   15% recovery rate                          
  ---------------------------------------- ------------------- ------- ------ ------- -------
  12                                       55.7                1,707   20.0   41.3    1,266
  13                                       60.3                1,849   33.7   69.6    2,134
  14                                       65.0                1,991   50.0   103.3   3,165
  15                                       69.6                2,134   66.7   137.7   4,220
  30                                       139.2               4,267   90.0   185.9   5,698

Simulation.

The results also suggest that a 30% recovery rate generates 39% more revenue compared to the plastic-related MSW cost when recycling 4,267 tons of plastic per year. Similarly, revenue generated from recovered plastic at collection efficiency more than 50% can cover the plastic-related MSW management cost by reducing at least 3,165 tons of plastic in the waste stream. [Table 4](#pone.0231933.t004){ref-type="table"} suggests that with a 30% recovery rate under the existing collection efficiency rate, the plastic recycling program would generate enough revenue to finance the costs of plastic waste management. On the other hand, with a 15% recovery rate, a 50% collection efficiency would be needed to generate enough revenue to finance the plastic waste management costs.

Discussion {#sec010}
----------

The volume of MSW is showing an increasing trend in Nepal as the economy undergoes a transition from a farm-based rural economy to an industry- and service-based urban economy \[[@pone.0231933.ref029],[@pone.0231933.ref030]\]. With this transition, consumption of processed foods packaged in plastic covers/containers has been on the rise. Furthermore, the use of plastic bags has been rampant as these bags are mainly provided at no additional cost at groceries and shopping centres. In urban Nepal, on average, a household uses over 10 plastic bags per week for groceries which translates into roughly 28,000 tons of plastic bags in the environment per year if not recycled properly \[[@pone.0231933.ref018]\]. For this estimate, a conservative weight of 1 plastic bag equals 10 grams had been used whereas a plastic bag used in homes could weighbetween 8 and 32 grams.

The local municipal authorities have been facing challenges in managing solid waste effectively because of poor planning, a low level of awareness among residents, and lack of resources. But the increased volume of waste is likely to increase the cost of MSW management. Household waste collection is one of the most expensive MSW management activities in Nepal. Sweeping and waste collection comprise around 60--70% of the total MSW management cost of municipalities \[[@pone.0231933.ref023]\]. In addition, a challenge arises relating to the management of land-fill sites with increasing waste production. In such a scenario, municipal authorities need to develop a strategy that would minimize the MSW management cost while increasing the longevity of landfill sites.

There has been a growing interest in converting waste to energy, a popular idea in South Asia \[[@pone.0231933.ref031]\]. Another way to reduce the use of plastics bags is to impose a ban and enforce the ban with significant fines. But without strict enforcement of the ban with sufficient fines, such a ban would fail miserably \[[@pone.0231933.ref018]\]. The ban would also increase the administrative costs of the cities as strict enforcement of the ban requires constant monitoring. This study discusses an alternative option, i.e., material recovery and recycling of plastic waste with additional tariffs on the import of plastic materials.

Recycling and reusing plastic would contribute to the following: reduce the volume of waste to be collected and disposed of in landfills while generating revenue. However, it requires an integrated approach involving all stakeholders--from members of households who segregate waste at source to collectors and recyclers. Usually, incentives motivate stakeholders to participate in environmental management programs \[[@pone.0231933.ref032],[@pone.0231933.ref033]\]. In plastic waste management, a household could earn extra income from plastic waste if they segregate waste at the source. Similarly, waste pickers could also earn more once improved recycling activities are in place \[[@pone.0231933.ref034]\].

The results suggest that ISSWM not only collects, transfers and disposes of the waste but also minimizes the cost of MSW management by generating revenue from recovered waste material \[[@pone.0231933.ref026]\]. This could offset some portion of the MSW management cost, which is one of the more expensive activities of municipal authorities. This study suggests that revenue generated from recovered plastic could recover up to 20% of the MSW management cost. But the analysis excludes the indirect benefits of plastic recycling such as reduction in oil usage and carbon dioxide emissions as well as lowering the quantities of plastic waste dumped ensuring thereby the longevity of landfill sites \[[@pone.0231933.ref022]\]. In addition, recycling can also reduce the demand for virgin raw materials for the production of plastic items, reducing thereby the volume of plastic imports and the trade deficit. Accounting for these indirect benefits will increase the financial as well as the environmental contribution of recovered plastic waste in MSW management.

Even in conservative estimates that include only direct benefits, the generated revenue outweighs the plastic-related solid waste management cost in the given material recovery rate and collection efficiency. This corroborates the findings of another study according to which the financial benefits generated from properly managed construction waste offsets the management cost of the particular waste \[[@pone.0231933.ref021]\].

The results suggest that improving the material recovery rate would be more effective than increasing collection efficiency. However, both should be improved simultaneously to enhance the efficiency of MSW management. These inputs could be improved through appropriate infrastructure or policy instruments \[[@pone.0231933.ref035],[@pone.0231933.ref036]\]. For instance, revenue could be increased through additional collection and recovery of high-value materials \[[@pone.0231933.ref035]\]. Improvement in the material recovery rate would require the introduction and enforcement of packaging standards and at-source waste segregation strategies \[[@pone.0231933.ref022],[@pone.0231933.ref037]\]. Recovery and recycling of material from waste, however, is a complicated process. ISSWM requires several complementary policies and a supportive environment \[[@pone.0231933.ref007]\]. The experience of MSW management in Japanese municipalities suggests that the cost of MSW management depends on scale, segregation at household level, cooperation of adjacent municipalities in integrated management, and the manner in which the service is being provided \[[@pone.0231933.ref008]\]. Private sector engagement reduces cost and increases effectiveness \[[@pone.0231933.ref008],[@pone.0231933.ref009]\]. An important aspect of increasing recovered material is segregation of waste at household level. It is hard to recover plastic from mixed waste as households pack mixed waste in plastic bags, making it almost impossible to segregate. In such a situation, promoting kitchen gardens or scaling up waste-to-energy-type biogas could consume the organic household waste so that easy-to-segregate waste enters the collection channel \[[@pone.0231933.ref010]\]. Enforcing recyclable packaging material could help circulate the same material and reduce the release of plastic waste into the environment \[[@pone.0231933.ref004]\]. However it would only work if segregation-at-source and recycling are practiced \[[@pone.0231933.ref011]\].

The quality of plastics and packaging materials could also be controlled by setting standards for those importing such materials with proper tax incentives. Additional import tariffs would have three benefits: i) it would immediately discourage the unnecessary use of plastics as plastic-related goods will become relatively expensive; ii) it would provide additional revenue to fill in the revenue gap in managing MSW properly; and iii) it would encourage promotion of substitutes for plastic in the medium to long term, which will help in achieving the goal of reducing plastic waste in the environment. According to the analysis in this paper, less than 1% of additional import duty on the import of plastic-related goods would generate sufficient revenue to bridge the resource gap in managing plastic waste if it were to coincide with the current collection efficiency and recovery rates of plastic waste.

Generally, a change in efficiency in collection and material recovery carries cost implications. However, changing the collection efficiency is difficult in the context of Nepal as municipalities are heterogeneous in terms of population density, waste production and accessibility. This heterogeneity compounds the difficulty of estimating the marginal cost of collection efficiency. For instance, some municipalities are characterized by sparsely populated suburban areas that may result in a high collection cost whereas some other municipalities would be able to improve the collection efficiency through predictable services \[[@pone.0231933.ref009]\]. Therefore, this study uses the average cost of per ton of MSW with a collection efficiency of up to 94%.

However, accounting for indirect effects of proper MSW management \[[@pone.0231933.ref038]\] as well as recovery of other waste materials such as paper and metals would assist in the recovery of such costs because segregation of plastic would also result in the segregation of other materials. It is also important to understand how the management cost changes with a change in the per unit marginal recovery rate and collection efficiency. While the expense associated with improving the material recovery rate through improved standards will be borne, in particular, by the consumer of the commodities, the expenditure incurred in improving collection efficiency will be shouldered by the waste management actors.

The financial component of the sustainable financing of MSW management is market-driven. Hence, the price of recovered materials is another determinant of revenue. This price may fluctuate due to volatile scrap market prices as requirements of scrap buyers could change over time \[[@pone.0231933.ref039]\]. If this were to happen, government interventions would be required to maintain the market price of scrap materials. Otherwise, households would be demotivated from segregating recyclable material at their homes and selling it to collectors; similarly, waste pickers may change occupations. Thus, one way to provide incentives for better recovery of plastic waste is to increase the import duty on plastic raw materials. In the short run, this would, in addition, generate revenue to finance plastic waste management. At the same time, it would encourage users to look for alternatives to plastics. The analysis suggests that less than 1% of import duty on the value of imported plastics materials would help finance the cost of managing plastic waste in Nepal.

Conclusion {#sec011}
==========

Sustainable financing hinges on both the financial and management components of waste management. Promoting a circular economy (i.e., reduce, reuse and recycle) would create opportunities for generating the much-needed resources for MSW management. The recovery of waste materials would produce several direct and indirect benefits. For instance, the estimated revenue generated from recovered plastic waste would come to 1.38 times the cost of managing plastic-related waste. In addition, it would prevent 4,220 tons of plastic waste from entering the environment annually, which would have additional environmental benefits. In low-performing cases where the collection cost is high and revenue is low, i.e., the revenue collected from recovered and recycled material is only 22% of the plastic-related waste management costs, which would require in turn additional resources, the cost could be met by imposing an additional 1% tax on the value of imported plastic-related material.

Nevertheless, sustainable MSW would require an integrated approach to designing and implementing management activities from source to landfill site that would link and engage all stakeholders. This study indicates that the financing of MSW management would depend on the effective management of municipal waste. Increased collection efficiency of waste material and material recovery rate would reduce the financial burden on municipal authorities. For example, collecting half of the MSW and recovering 15% of plastic material from the collected MSW would cover the cost of managing plastic-related waste. However, there is a possibility that the flow of financial resources could fluctuate based on recovery rate, collection efficiency, and price of recovered plastic. Thus, in the long term, additional policy interventions such as standardising of packaging materials and infrastructure development would help in managing MSW better.

This study only covers the financial and management aspects of ISSWM in Nepal. Future studies could focus on other aspects, particularly, stakeholder interests, policy coherence, and household behaviour in developing an ISSWM framework for Nepalese municipalities.
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